We use a mutant hairless Sprague Dawley rat to evaluate the capacity of retinoids to inhibit the epidermal ornithine decarboxylase activity induced by sellotape stripping. In order to minimize the variability introduced by the animals in our model we decided to validate the hairless rats used.
Summary
We use a mutant hairless Sprague Dawley rat to evaluate the capacity of retinoids to inhibit the epidermal ornithine decarboxylase activity induced by sellotape stripping. In order to minimize the variability introduced by the animals in our model we decided to validate the hairless rats used.
A number of animal parameters were examined using a single lot of 50 males and 50 females aged from 4 to 11 weeks and acclimatized to laboratory conditions. The body weight growth curves were established. Nude animals present two periods of hair growth, the first at 6-7 weeks and the second at about 10-11 weeks. Hair development is more pronounced in males. No histological change was observed in the stratum corneum but an increase in epidermal thickness was noted in males aged 9 weeks. Removal of the stratum corneum by sellotape stripping was more effective and reproducible in the females, as determined histologically. Sellotape-stripping induction of ornithine decarboxylase in the epidermis was higher in rats aged 5-6 weeks and reached a plateau in animals aged 6-12 weeks. Individual variations obtained were lower in females (about 5%-10% in females and ]0%-20% in males).
The present research suggests that female rats aged about 8 weeks provide maximum reproducibility of response and ease of use.
Keywords: Rats, mutant strains; Ornithine decarboxylase; Epidermis; Models, biological Induction of the rate-limiting polyamine biosynthesis enzyme, ornithine decarboxylase (EC: 4-1.1.17), in the skin may reflect the degree of epidermal hyperplasia (Lowe, 1980) . Retinoids can inhibit the ornithine decarboxylase activity induced in mouse skin by a variety of stimuli including 12-0-tetradecanoylphorbol-13-acetate (TPA) (Verma et al., 1978) , ultraviolet irradiation (Lowe & Breeding, 1982) and sellotape stripping (Connor & Lowe, 1983) .
In a previous paper (Bouclier et al., 1986) we described a hairless rat model for evaluating the capacity of retinoids to inhibit the epidermal ornithine decarboxylase activity induced by sellotape stripping. In order to minimize variability introduced by the animals in this model we felt it necessary to 'validate' the hairless rat used in our laboratory, i.e. to define closely animal specifications after experimental determination of the principal factors having a potential influence on our results. The major parameters considered capable of introducing variability and therefore affecting the reproducibility of the test were (1) the characteristics of the animal used (sex and age) and (2) the characteristics of the skin at the test site, which can influence the stripping efficiency and therefore the induction of ornithine decarboxylase activity (the stripping efficiency depends on the morphology of the stratum . corneum and on the presence or absence of hair follicles). These parameters were chosen on the basis of a review of a large number of studies conducted in our laboratory over the past 3 years.
We used a single batch of males and females aged from 4 to 11 weeks and acclimatized to controlled laboratory conditions to study the effect of age and sex on physiological parameters (hair growth, stratum corneum and epidermal thickness), biochemical parameters (epidermal ornithine decarboxylase activity with and without stripping) and procedural parameters (histological determination of stripping efficacy). Other factors (technician variability, analytical procedures etc.) were closely controlled by the standard procedures currently applied in our laboratories.
Methods

Animals and environment
Hairless rats (NU, ICO; mutant hairless Sprague Dawley rat) were obtained from lffa Credo (ICO), Saint Germain sur l'Arbresle, France. 50 males and 50 females born on the same day were used for the study. These animals were 3 weeks old upon arrival and were housed five per cage. They were acclimatized to laboratory conditions for 1 week before the start of the study. During this time their general health status (specified pathogen free) was also confirmed according to our standard procedures.
Food and water were available ad libitum. The diet used (A04C, certified diet) was supplied by Usine_ Alimentation Rationnelle (UAR), Villemoisson sur Orge, France.
Laboratory conditions were controlled: temperature, 21 ± 1°C; relative humidity, 60% ± 15%; nyctohemeral cycle, 12 h/12 h.
Experimental design
The study was conducted over a period of 6 weeks on animals aged from 4 to 11 weeks. One group of 20 males and 20 females was kept for the entire period and used for macroscopic examination and determination of growth. The other 60 animals were assigned to weekly sacrifice groups for histological skin evaluation and enzymology.
Bouclier, Jomard, Kail, Shroot & Hensby Each week 5 males and 5 females from the latter group were lightly anaesthetized by inhalation of diethyl ether. The stratum corneum was removed from the skin of the central back region by 10-15 successive applications of sellotape (Tesa film, 25 mm, ref. 5878: Tesa, Le Pessi-Robinson). The end-point for this stripping was visual, and it was stopped when the skin appeared smooth and glistening. The same technician performed all the strippings to a standardized procedure. A 0·4 cm diameter punch biopsy was made immediately in the stripped area and was used to determine the stripping efficiency by means of classical histology.
The rats were then placed in individual cages without food and water. The animals were sacrificed by cervical dislocation 8 h later and two 0·4 em diameter punch biopsies of unstripped dorsal skin were taken. One of these was fixed in a formalin solution and processed for histological examination and the other was frozen in liquid nitrogen for subsequent determination of the thickness of the stratum corneum. About 4 cm 2 of both normal and stripped dorsal skin were rapidly removed just after sacrifice for ornithine decarboxylase determinations. The epidermis was separated by scraping with a scalpel blade and was then immediately frozen in liquid nitrogen. We have previously verified that the total epidermis is isolated using this method (Bouclier et al., 1986) .
Growth evaluation
Animals were weighed twice a week 10 the morning at 4 day intervals.
Macroscopic examination of animal skin and hair growth estimation
Despite their name, 'hairless' rats undergo cyclic periods of hair 'regrowth'. A macroscopic examination of the rat skin was performed once a week. Hair growth was scored using the following scale: 0, no hair; 1, presence of down; 2, some hair; 3, abundant hair; 4, very abundant hair (Fig. 1) . The values used for evaluation were the mean score obtained at each examination of 20 males and 20 females.
Histology Classical histology
Slides were made using paraffin-wax-embedded sections (5 !-lm) stained with standard haematoxylin-phloxinsafran (HPS). Epidermal thickness was measured by image analysis using the MOP videoplan system (KONTRON: Zeiss, Asniere):
Stratum corneum examination
Frozen sections (5 !-lm)were cut using a cryostat. These were fixed for 5 min in 100% ethanol, washed with water and then protected under a cover slip with 50 !-llof water to keep the preparation. hydrated and 50 !-llof 0·25 M NaOH. NaOH helps to detach the stratum corneum and to swell the corneocytes (Fig. 2) . The thickness of the stratum corneum was estimated by counting the corneocyte layers. One preparation was made for each skin sample and measurements were made in quadruplicate. The retained value was the mean of the measurements made for the five animals.
Stripping efficiency
This was estimated using a histological preparation (see above) of the first biopsy taken of stripped skin. The stripping efficiency was scored by microscopic observation using the following scale: 0, no stratum corneum left or only isolated cells remaining; 1, slight residual stratum corneum clearly adhering to the epidermis; 2, moderate to marked amounts of stratum corneum remaining (Fig. 3) . The percentage stripping efficiency was calculated from the scores obtained for the five animals of each sex studied at each time: score 10, 0% efficacy; score 5, 50% efficacy; score 0, 100% efficacy.
Determination of ornithine decarboxylase activity in the epidermis
Ornithine decarboxylase activity was measured in the epidermis using a method published previously (Bouclier et al., 1986) . Briefly, the epidermal samples were homogenized in 9 volumes of 50 mM sodium phosphate buffer Frozen sections were treated with NaOH to swell the corneocytes as indicated in thc Methods section.
(pH 7) contammg 0·1 mM ethylenediaminetetraacetic acid, 5 mM dithiothreitol (DTT) and 0·1 mM pyridoxal phosphate (PLP). These homogenates were then centrifuged at 10 000 rev/min (10 OOOg) for 5 min at 4°C and the supernatants were used for the enzyme assay. The determination of ornithine decarboxylase activity is based on the measurement of 14COZ liberated from L-[1-14C]ornithine. The closed reaction vessel, fitted with a filter paper soaked in 3 M hyamine hydroxide, contained 1 ml of assay medium (50 mM phosphate buffer (pH 7), 5 mM DIT,
and the epidermal sample). After incubation at 37°C for 1 h the reaction was stopped by the addition of 500 fll of 40% trichloroacetic acid. The 14COZ trapped on the filter paper was counted in a standard scintillation cocktail. The protein content was measured using the Biorad procedure (Bradford, 1976) . Figure 4 shows the body weight development of male and female rats fed with UAR A04C
Results
Growth
Macroscopic observation and pilosity
The skin was smooth in the young animals of both sexes (4-5 weeks old). No desquamation was observed. At 6-7 weeks the skin was less supple and a slight desquamation was noted. In. addition a slight brown-yellow discoloration appeared at 7-11 weeks in males and females. Figure 5 shows the development of hair growth. Animals presented two periods of hair growth, the first at 7 weeks and the second at about 10-11 weeks. Hair was almost absent in the young (5 weeks) and in females aged 8-9 and 12 weeks. The hair frequency and degree of development was greater in males.
Histological examination of unstripped skin
No marked qualitative difference was noted in males and females aged 5-10 weeks.
The epidermal thickness was measured using the MOP videoplan system (Fig. 6) . It was very stable in the female rat skin (about 55-60 !-tm). The mean thickness increased in the male skin aged 7-8-9 weeks (70-90 !-tm).
The thickness of the stratum corneum was estimated by counting the number of cor- . Stratum corneum thickness: ., male; ., female. This was estimated by counting the number of eorneocyte layers using the preparation shown in Fig. 2 . Each point represents the mean ± standard deviation of the results obtained from five animals. Fig. 6 . Epidermal thickness: ., male; ., female. Epidermal thickness was me.asured on HPS-stained sections using a MOP videoplan system. Each point represents the mean ± standard deviation of the individual mean results obtained from 10 measurements on each of five animals.
neocyte layers using the preparation described above (Fig. 7) : No significant change was observed either between males and females or as a function of the animals' age. The number of corneocyte layers seemed to be lower in the young animal (8 ± 1 at 5 weeks) than in 10-11 week old rats (10 ± 1), but this difference was not statistically significant (Student's t test). 
Stripping efficiency
Removal of the stratum corneum by sellotape stripping was more than 50% efficient in all animals (Fig. 8) . The stripping efficiency was highest in females aged 7-11 weeks (85%-100% efficiency). It was less effective in 5 week old rats of both sexes and in males aged 7-8 weeks (hair growth period in the males).
Ornithine decarboxylase activity
Ornithine decarboxylase activity was determined in normal epidermis and in epidermis stimulated by sellotape stripping (Fig. 9) . Residual enzyme activity measured without stimulation was very weak (0,1-0,2 nmol h-1 (mg protein)-I). No change was observed as a function of age and/or sex. Epidermal ornithine decarboxylase activity determined 8 h after sellotape stripping was markedly increased in all animals. The activity was higher in 5 week old animals (~nmol h-I (mg protein)-I) and decreased to reach a plateau at 7-10 weeks (1·5-2 nmol h-I (mg protein)-l). Individual variations obtained were lower in females (about 5%-10% in females and 10%-20% in males). This result could be correlated with the stripping efficiency which is better in 4 3 Discussion and conclusions Our study has provided important data leading to improved knowledge of the leo hairless rat as used in our ornithine decarboxylase model. The body weight growth curves established for males and females will be used as a reference for the animal model used in our laboratory conditions.
We examined a number of physiological characteristics of the skin: hair development was more pronounced in males; two 'regrowth' periods were observed in both sexes; the epidermal thickness was higher in males aged 7-9 weeks; the thickness of the stratum corneum was not significantly changed either between males and females or as a function of age; stripping efficiency was highest in females aged 7-11 we#ks; the induction of ornithine decarboxylase activity in the epidermis was much more reproducible in females. These results as well as general observation of the animals lead us to the conclusion that female skin characteristics are more homogeneous and therefore that female skin is more 'reproduc: ible' than male skin.
From these data we decided to specify 8 week old female hairless rats for all tests using sellotape-stripping induction of epidermal ornithine decarboxylase. The 8 week old females have almost no hair (score, 0·5). The stripping efficiency was 85%-100% and the measured variability in ornithine decarboxylase induction was very low (about 7% 2 Fig. 9 . Ornithine decarboxylase activity in the epidermis: upper graph, male rats; lower graph, female rats. The ornithine decarboxylase activity was measured in normal epidermis (unstripped) and in epidermis 8 h after sellotape stripping (stripped). Each point represents the mean ± standard deviation of the individual results obtained from five animals. 
